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fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment nay have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.
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PITCH DAMPING TESTS OF THE PERSHING RE-ENTRY BODY

Prepared by

V. Schermerhorn
F. J. DeMeritte

ABSTRACT: This report presents the results of an investigation
in the NOL Supersonic Tunnel No. 1 to measure the pitch damping
of the Pershing re-entry body.

These data were obtained at Mach numbers 1.76, 2.03, 2.28, 2.76,
3.51, 4.12, and 4.82.

Di;,' PQiJQUSTS TO:

U. S. NAVAL ORDNANCE LABORATORY
WHITE OAK, MARYLAND

.. - • •'•r' T .



CONFIDENTIAL

NAVORD Report 6896 10 June 1960

The purpose of this investigation was to obtain pitch damping
data on the Pershing re-entry body, This investigation was
performed at the request of Army Ballistic Missile Agency
(reference (a)), under Task Number NOL 455,

This report may include technical data or other information
which may be proprietary to parties other than the Government.
The transmission by the Department of the Navy of this document
is not to be regarded by implication or otherwise as licensing
technical data or information disclosed herein for commercial
purposes, as distinguished from governmental purposes, or
conveying any right or permission to the recipient or any other
person or corporation gaining access to this document.

W. D. COLEMAN

Captain, USN
Commander

It. KENNETH LOBB
By direction
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PITCH DAMPING TESTS OF THE PERSHING RE-ENTRY BODY

I NTRODUCT ION

I. The Pershing missile is a medium range ballistic missile
being developed by the Army Ballistic MIsQQlF Agpnry:
2. This report gives the results of a wind-tunnel investigation

performed to determine the pitch damping of the re-entry body.

AERODYNAMIC SYMBOLS

A reference cross-sectional area (sq. in)

CM + CM aerodynamic damping coefficient (-16ýi/irpVd )
q&

C.g. center of gravity (2,5493 reference diameters from the

base )

d reference diameter (one caliber) (2.25 inches)

Ma Mach number

I transverse moment of inertia about the e.g. (slugs-ft )

t time (see)

V velocity (ft/sec)

a average angular amplitude (deg)

a angle of attack (deg')

at trim angle (deg)

p air density (slugs/ci,.ft)

L ldynamic damping coefficient (-21 na/ao /t)

DESCRIPTION OF THE MODELS AND TEST TECHN-IQUE

3. The model was dynamical]y balancid about the k,:aled full-
scale center of gravity. A shsft whose nxifs; wn.q ,normal to the
longitudinal axis of the model was passed through the center
of gravity and was attached to the model by means of precision
ball bearings of very low frictional torque. The model was thus
able to rotate in the pitch plane about- a tr-ansverse axis. The
model was mounted in the wind tunnel and started to rotating
before the wind tunnel wan started. The rotating wotion of the
model becomes an osc:iilatin lg onev when the wind ilim•nl begins
blowing. The model oscil Lai ions begin to damp. 'rhint innot ion of
thle ilode1 in record,,d withi a highh-speed Inoi lion-pict tire -amerna
with a film . opeed of 7, frnmes per secon,.d.

Figure I shows .a sk-.etch of" ie InIlodel,

1.
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DATA REDUCTION

4. The evaluation technique is described in detail in reference
(b). Briefly the data reduction consists of two phases: reading
the film and fitting an envelope to the data obtained from the
film. From the film, the angle of attack of the model i.- nht.jned
for each frame of film using a comparator. The time record is
obtained from the film speed. The angular deflection plotted
against time yields a damped sine motion. The envelope of the
motion is faired. Damped harmonic motion requires that the
restoring moment be linear; this is not always the case. However,
by assuming the harmonic condition for small increments along
the envelope, the damping coef'ficient can be obtained as a
function of average angular deflection.

DISCUSSION

5. The data are plotted as CM + C versus a in Figures 2

through 5. At Mach numbers 1.76 and 2.03 small trim angles were
noted.
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